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(54) Battery charger and battery charging method 

(57) A temperature rise pattern is retrieved from 
charging time based on the difference between a bat- 
tery temperature at the beginning of battery charge and 
a target temperature value which a battery is intended 
to reach (in S1 16). The battery is charged while adjust- 
ing a current value so that a temperature rise value 
becomes the temperature rise pattern (in S118 and 
S1 20). Thus, by optimizing the temperature rise pattern, 
it is possible to charge the battery so that the tempera- 
ture at the time of the completion of battery charge 
becomes the target temperature value (the lowest tem- 
perature value). 
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Description 

[0001] The present invention relates to a battery 
charger and a battery charging method for charging a 
battery and particularly relates to a battery charger and 
a battery charging method suited for charging a battery, 
such as a nickel metal hydride battery, which emits high 
heat while being charged. 

[0002] Presently, a chargeable battery which can 
be repeatedly used for the power supply of, for example, 
a power tool is used. A nickel cadmium battery is popu- 
lar as a battery for the power tool, and a battery charger 
for quickly charging the battery by applying high current 
thereto is used. Specifically, the battery is quickly 
charged in about 20 minutes and a power tool can be 
continuously used by switching a battery to that which 
has been charged. 

[0003] The inventor of the present invention studied 
improving the performance of a power tool by using a 
nickel metal hydride battery as a battery therefor. 
Although the nickel metal hydride battery can increase a 
capacity compared to a nickel cadmium battery, it gen- 
erates high heat while being charged. If the temperature 
of the battery becomes high by the generated heat, the 
electrodes and separators of the cells within the battery 
deteriorate and battery life is shortened. Due to this, it is 
impossible to quickly charge the nickel metal hydride 
battery with high current as done for the nickel cadmium 
battery stated above. 

[0004] The present invention has been made to 
solve the above-stated problems and an object of this 
invention is to provide a battery charger and a battery 
charging method capable of appropriately charging a 
battery in a short time while suppressing the tempera- 
ture rise of the battery which is being suppressed. 
[0005] In order to accomplish the said object, a bat- 
tery charger according to the present invention charac- 
terized by comprising: 

a temperature detecting section for detecting a 
present battery temperature; 
a temperature rise value outputting section for 
obtaining a temperature rise value from the temper- 
ature detected by said temperature detecting sec- 
tion; 

a current value retrieving section for retrieving a 
current value with which the temperature rise value 
outputted from said temperature rise value output- 
ting section is constant; and 
a charge control section for charging a battery with 
the current value retrieved by said current value 
retrieving section. 

[0006] In order to accomplish the said object, a bat- 
tery charger according to the present invention charac- 
terized by comprising: 

a storage device storing a target temperature value 



which a battery temperature is intended to reach; 
a temperature detecting section for detecting a 
present battery temperature; 
a temperature gradient calculating section for cal- 
5 culating a temperature rise gradient from charging 
time based on a difference between a battery tem- 
perature at the beginning of battery charge and 
said target temperature value held by said storage 
device; 

10 a temperature rise value outputting section for 
obtaining a temperature rise value from the temper- 
ature detected by said temperature detecting sec- 
tion; 

a current value retrieving section for retrieving a 
75 current value with which the temperature rise value 
outputted from said temperature rise value output- 
ting section becomes said temperature rise gradi- 
ent; and 

a charge control section for charging the battery 
20 with the current value retrieved by said current 
value retrieving section. 

[0007] In order to accomplish the said object, a bat- 
tery charger according to the present invention charac- 
25 terized by comprising : 

a storage device storing a target temperature value 

which a battery is intended to reach; 

a temperature detecting section for detecting a 

30 present battery temperature; 

a temperature rise pattern retrieving section for 
retrieving a temperature rise pattern for completing 
battery charge at said target temperature value 
based on a difference between a battery tempera- 

35 ture at the beginning of the battery charge and said 
target temperature value held by said storage 
device; 

a temperature rise value outputting section for 
obtaining a temperature rise value from the temper- 
40 ature detected by said temperature detecting sec- 
tion; 

a current value retrieving section for retrieving a 
current value with which the temperature rise value 
outputted from said temperature rise value output- 
45 ting section becomes said temperature rise pattern; 
and 

a charge control section for charging the battery 
with the current value retrieved by said current 
value retrieving section. 

so 

[0008] In accordance with the more preferred 
teaching of the present invention, said temperature rise 
pattern is such that the temperature rise value is rela- 
tively high in a first half of battery charge and is rela- 
55 tiveiy low in a second half of battery charge. 

[0009] In accordance with the more preferred 
teaching of the present invention, said temperature rise 
pattern is approximated polygonally. 
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[0010] In accordance with the more preferred 
teaching of the present invention, said target tempera- 
ture value is a value for completing the battery charge at 
the lowest temperature. 

[001 1 ] A battery charging method for making a bat- 
tery side hold information on a target temperature value, 
which a battery is intended to reach, corresponding to 
charging time and charging the battery by means of a 
battery charger in accordance with the target tempera- 
ture value, according to the present invention character- 
ized in that 

said battery charger comprises: 
a storage device storing a temperature rise pattern 
for completing battery charge at the target temper- 
ature value read out from the battery side; 
a temperature detecting section for detecting a 
present battery temperature; 
a temperature rise pattern retrieving section for 
retrieving a temperature rise pattern from said stor- 
age device based on a battery temperature at the 
beginning of the battery charge and charging time; 
a temperature rise value outputb'ng section for 
obtaining a temperature rise value from the temper- 
ature detected by said temperature detecting sec- 
tion; 

a current value retrieving section for retrieving a 
current value with which the temperature rise value 
outputted from said temperature rise value output- 
ting section becomes said temperature rise pattern; 
and 

a charge control section for charging the battery 
with the current value retrieved by said current 
value retrieving section. 

[0012] In accordance with the more preferred 
teaching of the present invention, said target tempera- 
ture value is a value for completing the battery charge at 
the lowest temperature. 

[0013] A battery is charged while adjusting a cur- 
rent value so that a temperature rise value may be con- 
stant. This makes it possible to charge the battery so 
that a battery temperature at the time of the completion 
of charge becomes a predetermined value, tt is, there- 
fore, possible to charge a nickel metal hydride battery or 
the like which has large temperature increase in a short 
time without increasing the battery temperature. 
[0014] A temperature rise pattern is retrieved from 
charging time based on the difference between a bat- 
tery temperature at the beginning of battery charge and 
a target temperature value which the battery is intended 
to reach and which is held by a storage device. The bat- 
tery is then charged while adjusting a current value so 
that a temperature rise value may become the tempera- 
ture rise pattern. Due to this, by optimizing the tempera- 
ture rise pattern, it is possible to charge the battery so 
that a battery temperature at the time of the completion 
of charge may become a predetermined value. It is. 



therefore, possible to charge a nickel metal hydride bat- 
tery or the like, which has large temperature increase, in 
a short time without increasing the battery temperature. 
[0015] A temperature rise pattern is retrieved from 

s charging time based on the difference between a bat- 
tery temperature at the beginning of battery charge and 
a target temperature value which a battery is intended 
to reach and which is held by a storage device. The bat- 
tery is then charged while adjusting a current value so 

10 that a temperature rise value may become the tempera- 
ture rise pattern. Due to this, by optimizing the tempera- 
ture rise pattern, it is possible to charge the battery so 
that a temperature at the time of the completion of 
charge may become the target temperature value which 

is the battery is intended to reach (the lowest tempera- 
ture). 

[0016] A temperature rise pattern is set such that 
the difference between a battery temperature and an 
ambient temperature is small, a battery is difficult to 

20 cool, battery capacity is almost empty, temperature rise 
during battery is relatively small and a temperature rise 
value is relatively high in the first half of the battery 
charge, and set conversely such that the difference 
between the battery temperature and the ambient tem- 

25 perature is large, the battery is easily cooled, tempera- 
ture rise during battery charge is relatively large and the 
temperature rise value is relatively low in the second 
half of the battery charge. That is, by setting the temper- 
ature rise pattern so as to optimize them altogether in 

30 cooperation with one another, it is possible to charge 
the battery so that the battery temperature at the time of 
the completion of charge may become the lowest tem- 
perature. 

[0017] Since a temperature rise pattern is approxi- 
35 mated polygonally, processing such as arithmetic 
processing can be easily carried out 
[0018] A target temperature value which the tem- 
perature is intended to reach is a value for completing 
battery charge at the lowest temperature and allows 
40 charging the battery so that a battery temperature at the 
completion of charge may become the lowest tempera- 
ture. 

[0019] A temperature rise pattern is retrieved from 
charging time based on the difference between a bat- 

45 tery temperature at the beginning of battery charge and 
a target temperature value which the battery is intended 
to reach and which is held by the storage device. The 
battery is then charged while adjusting a current value 
so that the temperature rise value may become the tem- 

so perature rise pattern. Due to this, by optimizing the tem- 
perature rise pattern, it is possible to charge the battery 
so that the temperature at the time of the completion of 
charge may become the target temperature value which 
the battery is intended to reach (the lowest tempera- 

55 ture). 

[0020] Further, since the battery side holds data on 
the target temperature value which the battery is 
intended to reach, it is possible to charge different types 
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of batteries so that temperatures at the time of the com- 
pletion of charge may become the target temperature 
values (the lowest temperatures), respectively. In vari- 
ous types of battery chargers, even a battery charger 
capable of quickly charging a battery in, for example, 1 5 
minutes or that capable of charging a battery in one 
hour, it is possible to charge the battery so that the bat- 
tery temperature at the time of the completion of charge 
may become the target temperature value which the 
battery is intended to reach (the lowest temperature). 
[0021] Target temperature value which the battery 
is intended to reach is a value for completing battery 
charge at the lowest temperature and allows charging 
the battery so that the temperature at the time of the 
completion of charge may become the lowest tempera- 
ture value. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

FIG. 1 is a perspective view of a battery charger in 
embodiments according to the present invention. 
FIG. 2 is a perspective view of a battery pack in the 
embodiments according to the present invention. 
FIG. 3 is a perspective view of a battery drill 
employing the battery pack shown in FIG. 2. 
FIG. 4 is a block diagram showing a control circuit in 
the battery charger shown in FIG. 1. 
FIG. 5 is an explanatory view for the charge princi- 
ple of a battery charger in the first embodiment 
according to the present invention. 
FIG. 6 is a graph showing the changes of charging 
current and battery temperature controlled by the 
battery charger. 

FIG. 7 is a graph showing the changes of charging 
current and battery temperature controlled by the 
battery charger. 

FIG. 8 is a flow chart showing processing in the 
control section of the battery charger in the first 
embodiment. 

FIG. 9 is an explanatory view for the charge princi- 
ple of a battery charger in the second embodiment. 
FIG. 1 0 is an explanatory view for the control princi- 
ple of the battery charger in the second embodi- 
ment. 

FIG. 11 is a block diagram showing the control cir- 
cuit of the battery charger in the second embodi- 
ment. 

FIG. 12 is a flow chart showing processing in the 
control section of the battery charger in the second 
embodiment. 

FIG. 13 is a block diagram showing the control cir- 
cuit of a battery charger in the third embodiment. 
FIG. 14 is a flow chart showing processing in the 
control section of the battery charger in the third 
embodiment. 

FIG. 15 is an explanatory view showing the control 



principle of a battery charging method in the third 
embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
5 ME NTS 

[0023] Battery chargers and battery charging meth- 
ods according to the embodiments of the present inven- 
tion will be described hereinafter with reference to the 

10 accompanying drawings. 

[0024] The embodiments which embody the 
present invention will now be described with reference 
to the accompanying drawings. 
[0025] FIG. 1 shows a battery charger 1 0 in the first 

15 embodiment of the present invention, FIG. 2 shows a 
battery pack 50 charged by the battery charger 10 and 
FIG. 3 shows a battery drill 70 driven by the battery pack 
50. 

[0026] As shown in FIG. 2, the battery pack 50 con- 

20 taining a nickel metal hydride battery cell consists of a 
generally cylindrical fitted part 52 and a generally pris- 
matic base 55. A key-shaped key part 54 is formed on 
the side of the fitted part 52 and the first input terminal 
t1 connected to the positive electrode of the battery, the 

25 second input terminal t2a connected to the negative 
electrode thereof and the third terminal t3 connected to 
a temperature sensor consisting of a thermistor are 
arranged on the upper portion of the fitted part 52. 
[0027] As shown in FIG. 1, the battery charger 10 

30 charging the battery packs 50 is provided with a fitting 
hole 12 into which the fitted part 52 of the battery pack 
50 is fitted. A keyway 14 for introducing the key part 54 
of the fitted part 52 is formed on the sidewall of the fitting 
hole 12. The fitting hole 12 is resin molded integrally 

35 with a housing 16 forming the battery charger 1 0. In this 
embodiment, the key part 54 is provided at the fitted 
part 52 of the battery pack 50 and the keyway 1 4 is pro- 
vided at the fitting hole 12 of the battery charger 10, 
thereby preventing the battery pack 50 from being 

40 installed in a wrong direction. The first to third output ter- 
minals, which are not shown, are provided at the bottom 
of the fitting hole 12 to contact with the first to third ter- 
minals t1 , t2a and t3 of the battery pack 50, respectively. 
An LED lamp 18 is provided on the upper portion of the 

45 battery charger 10 to indicate that battery charge is 
being conducted. 

[0028] As shown in FIG. 3, the battery drill 70 is pro- 
vided with a fitting hole 72 into which the fitted part 52 of 
the battery pack 50 is fitted, and is constituted to rotate 

so a chuck 76 by a motor, which is not shown, when sup- 
plied with power from the first input terminal t1 and the 
second input terminal t2a of the battery pack 50. When 
the battery drill 70 is used, a plurality of batteries in the 
battery pack 50 which are completed with charge are 

ss sequentially used so that the battery drill 70 can contin- 
uously operate. To this end, the battery charger in this 
embodiment is constituted to be capable of quickly 
charging the battery pack 50 in about 30 minutes. 
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[0029] FIG. 4 shows the configuration of a control 
circuit 30 in the battery charger 10. The control circuit 
30 consists of a temperature detecting section 38 
detecting a battery temperature from an output value 
from a temperature sensor (thermistor) 56 provided at 
the battery pack 50 side, a storage section 39 storing 
current value control information to be described later, a 
control section 36 differentiating the temperature value 
outputted from the temperature detecting section 38, 
obtaining a temperature rise value, obtaining a current 
value with which a battery is chargeable while sup- 
pressing the temperature rise value and outputting the 
current value as a current command value to a charging 
current control section 34, and the charging current con- 
trol section 34 controlling a power supply circuit 32 
based on the current command value from the control 
section 36 and adjusting battery charging current. 
[0030] Next, the operation principle of the battery 
charger in the first embodiment will be described. 
[0031] If charging current for a battery increases, 
charging time becomes shorter but temperature rise 
becomes larger. Conversely, if charging current 
decreases, charging time becomes longer but tempera- 
ture rise becomes smaller. A nickel metal hydride bat- 
tery, in particular, has characteristics that a temperature 
gradient (temperature rise value) varies greatly with 
charging current and the already charged capacity. Due 
to this, in this embodiment, battery charge is conducted 
while changing the current value so as to suppress tem- 
perature rise. In other words, the conventional battery 
charger charges a battery with a fixed current value, 
whereas the battery charger in this embodiment deter- 
mines the state of a battery based on a temperature rise 
value and charges the battery while changing the cur- 
rent value with which the temperature rise of the battery 
is made fixed, that is, while changing the current value 
according to the temperature rise of the battery. 
[0032] In this embodiment, if battery temperature is 
high, relatively low charging current is applied to the 
battery. If the battery temperature is low, relatively high 
charging current is applied thereto. 
[0033] The operation principle of the battery 
charger in the first embodiment will be described in 
more detail with reference to FIG. 5. In FIG. 5, the verti- 
cal axis indicates battery temperature rise values and 
the horizontal axis indicates charging time. A curve L 
therein shows temperature rise values at the time of the 
completion of battery charge corresponding to the 
charging time while the battery is charged so that the 
temperature rise value may be constant. The curve L 
indicates, for instance, that if current is controlled so that 
the battery temperature which starts at 20°C may reach 
53°C (a temperature rise value of 33 degrees), charging 
time is 20 minutes, if current is controlled so that the 
battery temperature may reach 43°C (a temperature 
rise value of 23 degrees), charging time is 30 minutes 
and that if current is controlled so that the battery tem- 
perature may reach 78°C (a temperature rise value of 



58 degrees), charging time is 10 minutes. 
[0034] That is, it is possible to obtain a temperature 
rise value (gradient) from the charge completion time 
and the battery temperature rise value at the time of the 

5 completion of battery charge based on the curve L. For 
example, to complete battery charge in 20 minutes, bat- 
tery charge may be conducted so as to have a temper- 
ature gradient (temperature rise value) indicated by a 
straight line a which connects Odeg in FIG. 5 and 33deg 

10 on the curve L. In this case, battery charge is completed 
almost exactly in 20 minutes when the battery tempera- 
ture becomes 53°C (a temperature rise value becomes 
33d eg). 

[0035] The same thing is true for a case where bat- 
is tery charge is completed in 20 minutes at an outside air 

temperature of 10°C and a battery temperature of 10°C. 

Namely, the battery may be charged so as to have a 

temperature gradient (temperature rise value) indicated 

by the solid line a which connects Odeg in FIG. 5 and 
20 33deg on the curve L. In this case, battery charge is 

completed at a temperature of 43°C (a temperature rise 

value of 33deg). 

[0036] Likewise, in case of completing battery 
charge in 20 minutes at an outside temperature of 30°C 

25 and a battery temperature of 30°C, the battery may be 
charged so as to have a temperature gradient (temper- 
ature rise value) indicated by the solid line a which con- 
nects Odeg in FIG. 5 and 33deg on the curve L. In this 
case, battery charge is completed at a temperature of 

30 63°C (a temperature rise value of 33deg). 

[0037] Now, the change of the current value while 
the above-stated temperature rise value is made con- 
stant will be described with reference to FIGS. 6 and 7. 
[0038] FIG. 6 shows a simulation result when 

35 charging a nickel metal hydride battery in 25 minutes so 
that the battery temperature of 20°C becomes 50°C. To 
make a temperature rise value constant, it is necessary 
to frequently adjust a charging current value. FIG. 6 
indicates that the current value is relatively high in the 

40 first half of battery charge and gradually lower in the 
second half of battery charge. Here, the charging cur- 
rent is greatly decreased at a temperature of about 
50°C, which indicates that the nickel metal hydride bat- 
tery is completed with charge. In this embodiment, if this 

45 phenomenon is detected, battery charge is completed. 
[0039] FIG. 7 shows a simulation result for another 
nickel metal hydride battery. When the nickel metal 
hydride battery is fully charged, a phenomenon referred 
to as "overshoot" when battery temperature suddenly 

so rises due to the past charging record, not due to the 
present charging current, may occur to the nickel metal 
hydride battery. When the overshoot occurs, the tem- 
perature rise value cannot be made no more than a con- 
stant value even if the current value is lowered. In this 

55 embodiment, battery charge can be completed even if 
this phenomenon is detected. 
[0040] Next, battery charge conducted by the bat- 
tery charger in the first embodiment will be described 
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with reference to the flow chart of FIG. 8 showing the 
processing. 

[0041] First, the control section 36 detects the tem- 
perature of the battery pack 50 through the temperature 
detecting section 38 (in S12). Here, it is assumed that s 
an outside air temperature and a battery temperature is 
20°C. Next, charging time and charge completion time 
are checked (in S14). The battery charger in this 
embodiment is constituted to switch battery charge 
between quick charge (20-minute charge) and normal 10 
charge (30-minute charge). If battery charge is set at 
the quick charge, the storage section 39 which holds the 
values of the curve L described above with reference to 
FIG. 5 is retrieved to thereby obtain a battery tempera- 
ture of 53°C at the time of charge completion. Thereat- 15 
ter, a temperature gradient is calculated (in S16). Here, 
the gradient of the straight line a connecting Odeg and 
33deg on the curve L shown in FIG. 5 is obtained. 
[0042] The control section 36 differentiates the dif- 
ference between the temperature value inputted from 20 
the previous temperature detecting section and the tem- 
perature value inputted this time and obtains a temper- 
ature rise value (in S18). The control section 36 then 
compares this detected temperature rise value with the 
gradient calculated in the step 16 and thereby deter- 25 
mines a current value (in S20). Here, rf the temperature 
rise value is lower than the gradient, the current value is 
increased from the present value. If lower, the current 
value is decreased. 

[0043] Next, it is determined whether the current 30 
value is not more than a predetermined value (in S22). 
As described above with reference to FIG. 6, if battery 
charge is completed and the current value becomes no 
more than the predetermined value ("Yes" in S22), 
charge processing is ended. If the current value is not 35 
less than the predetermined value ("No" in S22), it is fur- 
ther determined whether a predetermined temperature 
gradient can be maintained by adjusting the current 
value, i.e., whether overshoot stated above with refer- 
ence to FIG. 7 occurs (in S24). If overshoot occurs ("No" 40 
in S24), the processing is ended. If overshoot does not 
occur ("Yes" in S24), the processing goes to a step 26, 
whereafter the battery is charged with the current value 
determined in the step 20 and the charge processing is 
continued further. 45 
[0044] The battery charger in the first embodiment 
advantageously facilitates charge processing since the 
temperature rise value is made constant. Furthermore, 
the battery charger charges the battery while adjusting 
the current value so that the temperature rise value so 
becomes the calculated temperature rise gradient. 
Thus, it is possible to charge the battery so that the tem- 
perature at the time of the completion of charge may 
become a target temperature value which the battery is 
intended to reach and to charge a nickel metal hydride 55 
battery or the like which has large temperature increase 
in a short time without increasing the battery tempera- 
ture. 



[0045] In this embodiment, the curve L shown in 
FIG. 5 is held by the battery charger. It is also possible 
to hold only the highest charge temperature (e.g., 
30deg) in a range in which the life of the nickel metal 
hydride battery is not shortened and charging time (e.g.. 
25 minutes) corresponding to a temperature rise value 
of 30deg, to thereby control battery charge to be com- 
pleted with the temperature rise value of 30deg. It is 
also possible to further simplify the structure of the bat- 
tery charger, to keep the temperature gradient of the 
battery constant and to charge the battery with this tem- 
perature gradient. 

[0046] Next, a battery charger in the second 
embodiment according to the present invention will be 
described with reference to FIGS. 9 to 12. The battery 
charger in the first embodiment stated above adjusts a 
current value so as to make a temperature rise value 
constant The battery charger in the second embodi- 
ment, by contrast, adjusts a current value so that battery 
temperature increases along a predetermined pattern. 
[0047] The principle of this battery charge will be 
described with reference to FIG. 9. In FIG. 9, the vertical 
axis indicates temperature rise values and the horizon- 
tal axis indicates charging time. A hatched area E indi- 
cates a temperature rise value and charging time at the 
time of the completion of charge. If, for example, a tem- 
perature gradient indicated by symbol a is made con- 
stant to complete battery charge in 20 minutes as done 
by the battery charger in the first embodiment, the tem- 
perature of the battery becomes 33deg at the time of 
the completion of battery charge. On the other hand, if 
the battery is charged so that the temperature rise value 
is along an upward round pattern as indicated by a solid 
line d in FIG. 9, the battery charge can be completed 
with a temperature rise value of 30deg. Also, if the bat- 
tery is charged so that a temperature rise value is along 
a more upward round pattern than the solid line d, the 
battery charge can be completed at a temperature rise 
value of 32deg. Conversely, if the battery is charged 
along a trough pattern as indicated by a broken line h, 
the battery charge is completed at a temperature rise 
value of 38deg. If the battery is charged so that a tem- 
perature rise value does not conform with a specific pat- 
tern as indicated by a dashed line g, the battery 
temperature rise value increases nearly 43deg. 
[0048] That is to say. the hatched area E indicates 
temperature rise values and charge time of the comple- 
tion of battery charge when the battery is charged under 
various conditions. The border line B of the area E indi- 
cates the final temperature rise value when the battery 
charge is completed at the lowest temperature. If the 
temperature rise value is made constant in the case of 
the first embodiment, the broken line a shown in FIG. 9 
shows that the temperature rise value is 33deg. If the 
temperature rise value is along the slightly upward 
round temperature rise pattern indicated by the solid 
line d. the battery can be charged at the lowest temper- 
ature rise value (30deg). The reason the battery can be 
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charged at lower temperature when the temperature 
rise value is along the upward round pattern, than when 
the temperature rise value is made constant, is consid- 
ered as follows. The temperature rise pattern is set such 
that the difference between the battery temperature and 
the ambient temperature is small, the battery is difficult 
to cool, the capacity is nearly empty, temperature rise 
during battery charge is relatively small and the temper- 
ature rise value is relatively high in the first half of the 
battery charge, and set conversely such that the differ- 
ence between the battery temperature and the ambient 
temperature is large, the battery is easily cooled, tem- 
perature rise during battery charge is relatively large 
and the temperature rise value is relatively low in the 
second half of the battery charge. That is, by setting the 
temperature rise pattern so as to optimize them alto- 
gether in cooperation with one another, it is possible to 
charge the battery so that the battery temperature at the 
time of the completion of charge may be the lowest. In 
this embodiment, the battery charge is conducted while 
adjusting the current value in accordance with the tem- 
perature rise pattern with which battery charge can be 
completed at the lowest temperature based on the 
above experiment. 

[0049] FIG. 1 0 shows the change of the border line 
B in accordance with the battery temperature. In FIG. 
10, the border line B indicates that outside air tempera- 
ture (20°C) is equal to the battery temperature. A border 
line B' indicates that the battery temperature (20°C)is 
higher than the outside air temperature (15°C). In this 
case, the border line B' is shifted downward from the 
border line B by 5°C. 

[0050] FIG. 1 1 shows the configuration of a control 
circuit 130 in a battery charger 110 in the second 
embodiment. The control circuit 1 30 is the same as that 
in the first embodiment stated above with reference to 
FIG. 4. However, unlike the first embodiment, the stor- 
age section 139 of the control circuit 130 in the second 
embodiment holds a temperature rise pattern stated 
above with reference to FIG. 9. This temperature rise 
pattern which is approximated polygonally in a certain 
time in which the temperature rises 5deg, is held by the 
storage section. For example, in case of the tempera- 
ture rise pattern indicated by the solid line d stated 
above with reference to FIG. 9, the battery temperature 
pattern rises 5deg in two minutes, 10deg in four min- 
utes, 15deg in six minutes, 20deg in nine minutes, 
25deg in 13 minutes and 30deg in 20 minutes, that is, 
the pattern is held in the data format of (2, 4, 6, 9, 13, 
20), whereby the capacity of the storage section is 
intended to be reduced and the arithmetic processing of 
the control section 136 is intended to be simplified. At 
the time of temperature control, the charging current is 
adjusted so as to follow a gradient approximated for 
every 5deg as shown in FIG. 10. 
[0051 ] In case of charging the battery at a tempera- 
ture of, for example, 20°C at an outside air temperature 
of 15°C, the battery charger 110 calculates a pattern in 



which a temperature rise value at the time of the com- 
pletion of charge is decreased by 5°C is calculated as 
stated above with reference to FIG. 10 and charges the 
battery in accordance with this pattern. Conversely, the 

5 outside air temperature is 25°C and the battery temper- 
ature is 20°C, the battery charger 110 calculates a pat- 
tern in which a temperature rise value at the time of the 
completion of charge is increased by 5°C. 
[0052] The specific charge control of the battery 

10 charger in the second embodiment will be described 
with reference to FIG. 12. 

[0053] First, the control section 136 detects the 
temperature of the battery pack 150 from the tempera- 
turedetecting section 138 (in S1 12). Here, it is assumed 

is that outside air temperature is 20°C and battery temper- 
ature is 25°C. Next, charging time and battery tempera- 
ture at the time of the completion of charge are checked 
(in S114). In this case, when charging time is 20 min- 
utes, the final temperature rise value of 35 degrees 

20 (30deg + 5deg) is obtained. Thereafter, a temperature 
rise pattern is calculated (in S1 16). 
[0054] The control section 1 36 differentiates the dif- 
ference between the temperature value inputted from 
the previous temperature detecting section and the tem- 

25 perature value inputted this time and obtains a temper- 
ature rise value (in S1 18). The control section 136 then 
compares this detected temperature rise value with the 
temperature rise pattern calculated in the step 116 and 
thereby determines a current value (in S120). Here, if 

30 the temperature rise value is lower than the temperature 
gradient, the current value is increased from the present 
value. Conversely, if lower, the current value is 
decreased. 

[0055] Next, it is determined whether the current 
35 value is not more than a predetermined value (in S122). 
As in the case of the first embodiment, if battery charge 
is completed and the current value becomes not more 
than the predetermined value ("Yes" in S122), charge 
processing is ended. On the other hand, if the current 
40 value is not less than the predetermined value ("No" in 
S1 22), it is further determined whether a predetermined 
temperature gradient can be maintained by adjusting 
the current value, i.e., whether overshoot occurs (in 
S124). If overshoot occurs ("No" in S124), the process- 
es ing is ended. If overshoot does not occur ("Yes" in 
S124), the processing goes to a step 126, whereafter 
the battery is charged with the current value determined 
in the step 120 and the charge processing is continued 
further. 

so [0056] The battery charger in the second embodi- 
ment charges a battery while adjusting the current value 
so that the temperature rise value becomes a tempera- 
ture rise pattern. Due to this, as stated above with refer- 
ence to FIG. 9, by optimizing the temperature rise 

55 pattern, it is possible to charge the battery so that the 
battery temperature at the time of the completion of 
charge may become a target temperature value which 
the battery is intended to reach (the lowest tempera- 
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ture). 

[0057] The battery charger in this embodiment sets 
the temperature rise pattern to be round upward, i.e., 
sets the temperature rise pattern such that the differ- 
ence between the battery temperature and the ambient 5 
temperature Is small, the battery is difficult to cool, the 
capacity is nearly empty, the temperature rise during 
battery charger is relatively small and the temperature 
rise value in the first half of the battery charge is rela- 
tively high, and set conversely such that the difference 10 
between the battery temperature and the ambient tem- 
perature is large, the battery is easily cooled, tempera- 
ture rise during battery charge is relatively large and the 
temperature rise value in the second half of battery 
charge is relatively low. That is, by setting the tempera- is 
ture rise pattern so as to optimize them altogether in 
cooperation with one another, it is possible to charge 
the battery so that the battery temperature at the time of 
the completion of charge may be the lowest. 
[0058] Next, a battery charging method in the third 20 
embodiment according to the present invention will be 
described with reference to FIGS. 13 to 15. 
[0059] In the second embodiment stated above, the 
battery charger holds the charging time and final battery 
temperature rise values shown in FIG. 10. In the third 25 
embodiment, by contrast, a battery pack holds border 
lines each indicating the final temperature when battery 
charge is completed at the lowest temperature 
described above with reference to FIG. 9. Namely, the 
final temperature which the battery reaches when it is 30 
completed with charge differs depending on the voltage 
of the battery pack (the number of battery cells), the 
type of the battery (nickel metal hydride batteries may 
have different characteristics), the heat radiation char- 
acteristics of the battery pack and the like. Due to this. 35 
the battery charger in this embodiment is intended to be 
capable of charging any battery pack most efficiently by 
making the battery pack hold the border values (to be 
referred to as a target temperature values which the bat- 
tery is intended to reach). 40 
[0060] The configurations of a battery charger 210 
and battery packs 250A and 250B for the battery charg- 
ing method in the third embodiment will be described 
with reference to FIG. 13. The battery pack 250A is pro- 
vided with a ROM 258a which holds a target tempera- 45 
ture value (B1 in FIG. 15) which the battery pack 250A 
is intended to reach. The battery pack 250B is provided 
with a ROM 258b which holds a target temperature 
value (B2 in FIG. 15) which the battery pack 250B is 
intended to reach. It is noted that the target temperature so 
values B1 and B2 are expressed by a formula of 
Y= 6/(X + a) + y and that the values of coefficients a, 
B and y are written in the ROM 258a and ROM 258b, 
respectively. 

[0061] Meanwhile, a control circuit 230 in the bat- 55 
tery charger 210 is provided with a ROM reader 231 for 
reading out the contents of the above-stated ROM's 
258a and 258b. A storage section 239 contains an 



equation for obtaining a temperature rise pattern. The 
remaining constituent elements are the same as those 
in the first embodiment described above with reference 
to FIG. 4. No description thereto will be, therefore, given 
herein. 

[0062] The specific charge control of the charging 
method in the third embodiment will be described with 
reference to FIG. 14. 

[0063] First, the control section 236 of the battery 
charger 210 detects the temperature of the battery pack 
250A from a temperature detecting section 238 (in 
S212). Here, it is assumed that the battery temperature 
is 20°C. Next, the coefficients a, 8 and y for obtaining 
the target temperature value B1 are read out from the 
ROM 258a of the battery pack 250A and a curve of the 
target temperature value B1 shown in FIG. 15 is calcu- 
lated (in S213). Then, charging time and battery tem- 
perature at the time of the completion of battery charge 
are checked (in S214). Here, the battery charger 210 is 
constituted to switch battery charge between quick 
charge and normal charge. In quick charge, a battery 
temperature rise value of up to 30deg is allowed. In nor- 
mal charge, the battery charge is to be completed with 
a temperature rise of not more than 25deg. If normal 
charge is selected, charging time of 25 minutes is con- 
firmed from the temperature rise value of 25deg at the 
time of the completion of charge. On the other hand, if 
quick charge is set, charge time of 20 minutes is con- 
firmed. Thereafter, a temperature gradient pattern is 
calculated (in S216). If it is confirmed that charge time is 
20 minutes in quick charge, an upward round curve 
(temperature rise pattern) j is calculated based on the 
equation in the storage section 239 from a segment i 
connecting Odeg and 30deg in FIG. 15. In the third 
embodiment, the temperature rise pattern is calculated 
based on the equation. It is also possible to hold a plu- 
rality of patterns instead of the equation and to relate 
the patterns to thereby obtain a pattern. 
[0064] The control section 236 obtains a tempera- 
ture rise value from the difference between the temper- 
ature value inputted from the previous temperature 
detecting section and the temperature value inputted 
this time (in S218), this detected temperature rise value 
is compared with the gradient calculated in the step 216 
and thereby a current value is determined (in S220). 
Here, if the temperature rise value is lower than the tem- 
perature rise pattern, the current value is increased 
from the present value. If lower, the current value is 
decreased. 

[0065] Next, it is determined whether the current 
value is not more than a predetermined value (in S222). 
As in the case of the first embodiment, if battery charge 
is completed and the current value becomes no more 
than the predetermined value ("Yes" in S222), charge 
processing is ended. On the other hand, if the current is 
no less than the predetermined value ("No" in S222), it 
is further determined whether the temperature gradient 
can be maintained by adjusting the current value, i.e., 
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whether overshoot occurs (in S224). If overshoot occurs 
("No" in S224), processing is ended. If overshoot does 
not occur ("Yes" in S224). processing goes to a step 
226, whereby the battery is charged with the current 
value determined in the step 220 and charge process- 
ing is continued further. 

[0066] In the battery charging method in the third 
embodiment, the battery packs 250 A and 250B hold the 
target temperature values B1 and B2, respectively. Due 
to this, it is possible to complete charging the battery 
pack 250A in the shortest time of 20 minutes and charg- 
ing the battery pack 250B having the target temperature 
value B2 in the shortest time of 17 minutes (see FIG. 
15). Further, in various types of battery chargers, even 
a battery charger capable of quickly charging a battery 
in. for example, 20 minutes or that capable of charging 
a battery in one hour, it is possible to charge the battery 
so that the battery temperature at the time of the com- 
pletion of charge may become the target temperature 
value which the battery is intended to reach (the lowest 
temperature). 

[0067] Furthermore, in the battery charging method 
in the third embodiment, battery charge is conducted 
based on the data held by the battery packs. Due to this, 
it is possible to easily change the usage of the battery 
packs or to newly design battery packs and to allow 
even a battery charger of an old type to conduct opti- 
mum charge control based on the newest data. 
[0068] Although the invention has been disclosed in 
the context of a certain preferred embodiments, it will be 
understood that the present invention extends beyond 
the specifically disclosed embodiments to other alterna- 
tive embodiments of the invention. Thus, it is intended 
that the scope of the invention should not be limited by 
the disclosed embodiments but should be determined 
by reference to the claims that follow. 

Claims 

1 . A battery charger characterized by comprising: 

a temperature detecting section for detecting a 
present battery temperature; 
a temperature rise value outputting section for 
obtaining a temperature rise value from the 
temperature detected by said temperature 
detecting section; 

a current value retrieving section for retrieving 
a current value with which the temperature rise 
value outputted from said temperature rise 
value outputting section is constant; and 
a charge control section for charging a battery 
with the current value retrieved by said current 
value retrieving section. 

2. A battery charger characterized by comprising : 

a storage device storing a target temperature 



value which a battery temperature is intended 
to reach; 

a temperature detecting section for detecting a 
present battery temperature; 

5 a temperature gradient calculating section for 

calculating a temperature rise gradient from 
charging time based on a difference between a 
battery temperature at the beginning of battery 
charge and said target temperature value held 

10 by said storage device; 

a temperature rise value outputting section for 
obtaining a temperature rise value from the 
temperature detected by said temperature 
detecting section; 

15 a current value retrieving section for retrieving 

a current value with which the temperature rise 
value outputted from said temperature rise 
value outputting section becomes said temper- 
ature rise gradient; and 

20 a charge control section for charging the bat- 

tery with the current value retrieved by said cur- 
rent value retrieving section. 

3. A battery charger characterized by comprising: 

25 

a storage device storing a target temperature 
value which a battery is intended to reach; 
a temperature detecting section for detecting a 
present battery temperature; 

30 a temperature rise pattern retrieving section for 

retrieving a temperature rise pattern for com- 
pleting battery charge at said target tempera- 
ture value based on a difference between a 
battery temperature at the beginning of the bat- 

35 tery charge and said target temperature value 

held by said storage device; 
a temperature rise value outputting section for 
obtaining a temperature rise value from the 
temperature detected by said temperature 

40 detecting section; 

a current value retrieving section for retrieving 
a current value with which the temperature rise 
value outputted from said temperature rise 
value outputting section becomes said temper- 

45 ature rise pattern; and 

a charge control section for charging the bat- 
tery with the current value retrieved by said cur- 
rent value retrieving section. 

so 4. A battery charger according to claim 3, character- 
ized in that said temperature rise pattern is such 
that the temperature rise value is relatively high in a 
first half of battery charge and is relatively low in a 
second half of battery charge. 

55 

5. A battery charger according to claim 3 or 4, charac- 
terized in that said temperature rise pattern is 
approximated polygonally. 
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A battery charger according to any one of claims 3 
to 5, characterized in that said target temperature 
value is a value for completing the battery charge at 
the lowest temperature. 

5 

A battery charging method for making a battery 
side hold information on a target temperature value, 
which a battery is intended to reach, corresponding 
to charging time and charging the battery by means 
of a battery charger in accordance with the target 10 
temperature value, characterized in that 

said battery charger comprises: 
a storage device storing a temperature rise pat- 
tern for completing battery charge at the target 15 
temperature value read out from the battery 

side; 

a temperature detecting section for detecting a 
present battery temperature; 
a temperature rise pattern retrieving section for 20 
retrieving a temperature rise pattern from said 
storage device based on a battery temperature 
at the beginning of the battery charge and 
charging time; 

a temperature rise value outputting section for 25 
obtaining a temperature rise value from the 
temperature detected by said temperature 
detecting section; 

a current value retrieving section for retrieving 
a current value with which the temperature rise 30 
value outputted from said temperature rise 
value outputting section becomes said temper- 
ature rise pattern; and 

a charge control section for charging the bat- 
tery with the current value retrieved by said cur- 35 
rent value retrieving section. 

A battery charging method according to claim 7, 
characterized in that said target temperature value 
is a value for completing the battery charge at the 40 
lowest temperature. 



10 



EP 1 039 612 A2 



Fig. 1 

10 

T 



18 



EP1 039 612 A2 




EP 1039 612 A2 




13 



EP 1 039 612 A2 



Fig. 4 



19. 



3.0 



! 32 control circuit 



power 

supply 

circuit 



3<4 



39> 



storage 
section 



charging 
current 
control 
section 



control 
section 



38- 



"§6 



temperature 

detecting 

section 



5£ 

battery pack 



battery 



B 



56 

temperature 
sensor 



14 



EP1 039 612 A2 



LO 




o o o 

CVJ — 



15 



EP 1039 612 A2 




16 

A 



EP1 039 612 A2 




17 



EP1039 612 A2 



Fig. 8 
( start ^ 

detect battery 
I temp^ature 

check charging time 

and battery 
temperature at charge 
completion time 

calculate temperature 
I gradient pattern 



detect temperature 



gradient 



compare temperature 
$20 gradient with 

temperature gradient 
pattern, determine 
current value 



S22 



S24 



not more than a 
predetermined current 
value? 



No 



can predeterminec 
temperature gradient be 
maintained? 



Ye 



No 





Yes 




r 


S26 


output charging 




current 







c 



18 



EP 1039 612 A2 




EP 1039 612 A2 




20 



EP 1039 612 A2 



Fig. 1 1 



1L° 



13.0 



1 3J2 control circuit 



power 

supply 

circuit 



139^ 



1 34 

charging 
current 
control 
section 



storage 
section 

7K 

* — r 

control 

section 



138- 



7136 



temperature 
detecting 
section 



l t 50 

battery pack 



> battery 



156 

temperature 
sensor 



21 



EP1 039 612 A2 



c 



S112 



S114 



S116 



Fig. 12 
start 



detect battery 
temp^ature 



check charging time 

and battery 
temperature at charge 
completion time 



calculate temperature 
gradient pattern 







S118 


gradient 






S120 


comnar^ t&mr>prature 

gradient with 
temperature gradient 
pattern, determine 
current value 


SI 22 


^^not more thana^^, 
predetermined current 
value? 

|No 


SI 24 


^can predetermine^^ 
temperature gradient be 
v maintained? 

|Yes 


S126 


output charging 
current 







Yes 



No 



end 



22 



EP1 039 612 A2 



Fig. 13 



2tp 



23.0 



23 v 2 control circuit 



power 
supply 
circ uit 
7FT 



234 



239> 



storage 
section 



charging 
current 
control 
section 



1 

\ 




control 
section 



238- 



ROM 
reader 



2^31 



temperature 
detecting 
section 



2.5 OA 



battery pack 

-Ba 



battery 



258a 



256 

temperature 
sensor 



ROM 
ft 



2.50 B 



| battery pack 

i 


battery ^ Bb 


258b 


256 

temperature 
sensor 


ROM 





23 



EP1 039 612 A2 



Fig. 14 

( start ) 

2 detect battery 
1 temperature 



S213 



read out coefficients of 

target temperature 
value which battery is 
intended to reach 



check charging time 
S214 and battery 

temperature at charge 
completion time 



S216 



calculate temperature 
gradient pattern 



S218 



S220 



detect temperature 
gradient 



compare temperature 

gradient with 
temperature gradient 
pattern, determine 
current value 



S222 _ — -^iotinore than 

predetermined current 
value? 

No 

S224^^oan predetermine 

^temperature gradient be^ 
maintained?^ 



Yes 



S226 



output charging 
current 



HTgr 



24 



EP 1 039 612 A2 




25 



